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FFT ££-f °}^sL=L-r] x] ^ ^7 11- 

^ #5=1 cg^s]^ OFDM ^ ^ zz. «#igofl ^fV ^o]d} . jt.^ j^ofl 

s^^-g: ^ ^^ti^ 4^*?} 4 ^ OFDM ^^r-S-^ ^ 

&-8r 3.715] FFT 7§^-d\] ^-^^^ ifl^l-ofl ^ 

FFT ^^11- ^o]5}fe ^2^; >S-7l ;*fl2^HH Tfl^ aV-g-fJ # 

4 *H1 ^-5*3 #^^r *lHsRr ^]3^^1# 
[tflJE.5.] 
J£ 2 
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FFT $1*1 ^-^4 ah^bj ^o^J- <S OFDM ^ % 

7] ^ zl » 0 >^ 

£ 1-8: ^^^o] OFDM Al^^fl ^Al ^-^o] ^.g- Jio]^ ^.^.^oicf. 

-E. 2fe ^ t^^l ^ OFDM ^tl ^121 ^o]^ #^-£.o]q-. 

£ 3£r OFDM -a^rofl^i FFT ^»#^ #3 -g-^ S.*l ^ o] 

51 4fe ^sH- -g-^I, 3R> ^Jfl, FFT #5.-?- ^j], #3 ^-^ol ^fl 

^ 3-f -^S^ «Ul^1 £*13: 5J°14. 

EHlfe 7fl^£olcf. 

S. 6a^ FFT te-f -S-^ofl af^- ^}^7}B\ #^-g- £a] 

5- 6b ^ £ ^<H1^ FFT -S-^^l 371 ofl Tfl§><^ FFT ^H^l^ 

<g^-|- £Al*V ^olcf. 

£ 6c ^ £ FFT ^5.^- -g-^^1 3.71 oj) cfl^-o} ^^ *lH-g- 

^Sfc PLL7lol oj^-g- T^X\i£ ^o]^. 



a. igj-tgo. ^] jr ^3}-^ cf^SKOrthogonal Frequency Division 

Multiplexing: 0FDM°1 n^l^l ^ n ^ofl ^fb ^jo.^, ^-s] 

jl^ ^-e] oil ^^(Fast Fourier Transform: o}-§} FFTe|- ^j^) $1*1 
o>^-s.zl-^^]^ ^«:7l(Analog-to-Digital Converter)* *fl<>1*rfe- €^ afl 

°l7 r <S-§-S]^ OFDM ^r-il ^>*1 ^ zl ^dfl ^ -SMcf. 

^al-^ ^Al7loflAi fts* c^ig x]#5% ^-g- OFDM ^ 

# ^7l7> ^-^§1-71 fl^fl^fe- A l# *7l(time synchronization)^ 

-^71 (frequency synchronization^} ^§^-§1 ^ *<9 <>| °> 7] (time 

synchronization)^ ^^tb ^ ^ *b FFT 31*1 ^41 

^131^ SNR(Signal-to-Noise Ratio: ^Je. tf) ^-g-til)c»l ^cfl<y ^ ^#^S r 7| 
ADC(Analog-to-Digital Converter)^ €-^-8: ^M^r^ A ^#^ #3 

£ l£r OFDM ^^efl ^A] ^jcq ^-g- ^.o]^ f^£ol4. £ 1 

e\ ^Itt ADC7KH0), FFT SIS.-?- 7l (120), FFT7K130), uHl^ ^#71(140), 3R V 
3)-t!:7Kl50), FFT ^JE-f 3 #7] (170). FFT^SL-f 71(180), PLL71 (190)3- 

°l-r-°H^, #7] ADC7l(ii0)£r OFDM o}^^n. t^lH 413:3. ^ 

#7l FFT 7l(120)*r #7l FFT ^71(180)3.-^ °l7>ig>8r 




^J±# °l-8-«H #7] ADC( 110)3. JfE)fiJ g-$SHr -frjL c-flo]^ ^#0] ah 

#nV-8: #3dSH , A o v 7l FFT7l(i30)fe #7] FFT #S.-f7l ( 180)3.-^ #^^1 £2: 

^]o]B\M. Ji^. J*: e |o|] f ^-7} ^^71(140)^ FFT7l(130)^ # ^ ^ 

^, ^7] Jfltf ^1^71 ( 150) -S-71 i^Si ^-#71 (140)3. JfB] ^ 

^ Jfltf £°1* 31^M, ^"71 FFT -g-^J ^#7](160)^ ^7] H}#7] 

g| (150)3-f-El #^ 4°^^ ^°HH FFT ^51^- ^f§H, A o v 7l 

ppX^^o. ^o^7l(l80)^ FFT ^#7l(160)3.-¥-^ ^7)21 ^ 

^ -2-ff-I- °l-8-£M FFT te^M #JE-f ^H^l, ^>7l #3 -a-^ji 

^#71(170)^ >^7l 3R> ^1^7] (150)3-f-Bl ^ V #°HH 

*8 #3 -S-^l-i- ^#§1-^, >8-7l PLLCPhase Loop Lock)7l (190)^ 

3#7l(l70)3.-f 3 &t-8- ^1-8-^ #71 ADC(110)# s. i<£j 

FFT Sl£.-f ^^1 <g-g_^ -f oil #^ 71 ^o] -g-^t}. 

© -*Hi, OFDM *[5L2\ 41-1: (Symbol HI &n 51^ FFT^I N7fl^ ^ 

A t]f^ =2] <*fl ^(Inverse Fast Fourier Transform: °1 «r IFFT^ ^^")^1 

N7fl^ ^j- ^oiHi- ^i-Tj-si ^i§i-7i ^e>^ ^m°]°ii -a- 

<^Hr G7flo] ^ zjoj-i. 7Hfe #2) (Guard Interval ^^4. ^, 

^71 (51 a] °V^HjA-j^ IFFT7l(£Alo_V^)oil^ N7fl5l °l ^ n>^l 

^ v G7111- ^ (G+N)7flSl ^#5. o] s-o^^l *V 7 flsj 43 ^--g: #^*Vi=f. 
[*r*M 13 
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FFT7)( 130)^1 a] ol=.^xl jtH*H 

7||^6H, n^r ^# ^nlSVji x( • )£f x( • )fe ^ IFFT^] <g ^ 

^-dt ^ #^ ti^r M-Ef^lnf . Aii^ 3=tH*)jAio]]A] li ^ 

£ loll 51 a^ ti>sf ^-oi of^n-t^ig- ^^(ADC)7l(110)fe OFDM 
FFT ■€i£- o -7l(l20)^ FFT^JSl- 0 - $1*1-1- ^-S^l FFT # 

^-r- >fl°l7l(l80)ofl 3*fl ^H-^ 13 !, ^ Ml*) %^9l JiS #3-§r ^lT^V ^ 
#*l|l)-Sr ^V^o.^. FFT7K 130)^1 ^^tVcf. ^, ^7]£l I FFT ^ 0*H1^ # 
^ &r£r ^71^ FFT71 (130)^1 O^ofl <Qy%s%6]ott5L IFFTS (N-l)^^ #^ 
€ ^7]^ FFT7l(130)^ (N-l)^ofl <^£Mo)^tf. ^ ^"711^71 ( 150 )fe 

71 ^#7] (140)^1 a] tl- ^U^-sl ^a] 4db^3z}- 

^^M- TflAj-sVcf. FFT-SS.-T- -S-^ ^#71(160)^ $KM1^7l(150)o]H 
fl'iMHl ^«fl FFT -g-^-g- FFT #S.-f7K 180) FFT #5L-f -g-^] 

°fl 3*11 FFT fe-f ^^17> ^H^cf. a} 7 ]^ FFT-SS.-T- $1*1 aflcflS. o]i=L 

QSr PLL71 (190)ofl M ^7} afltfls. ^S^H 

3L ^ai ^ ^ ^ &tf. nj-el-Ai FFT ^SL-f ^H7l(180)oll ^ 

FFT ^JE-f $1*1 $i^S ^ofl PLL7l(l80)oll o]<£ ah^^ ^ ^]^7> a]^ 
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^cf. ^. ^l A oM1^7l(l50)^ FFT * ^#7] 

cf. -a-^ ^#7) (170)^ SRM]^7l( 150)o11 Ai £l A o V *Hl 

^ -a-^-^ PLL7l(190)^ o^sfl ADC7l(H0)^ 

o]5. ol§H ^7]^ OFDM 4]* #(N+G)7fl^ ^#-1- Sj^S}-*] *Sl-uL 

(N+G+l) (N+G-l)7fl2l ^1-8: ^7}2\o) FFT °]5L°- SL^-sL 

tf. nJ-eM £ 12] ^^-^ FFT ^5L-f o] =.o^^l r]~g-oll 

* tqj7> ^l^o] oiq-. 

SEtb ^^^^ FFT -eiJE-f u o v ^^^^ FFT <3 ^°1H 

^Cfl7> *l ^ <>W ^ISITJ; ^>7|- 3)^0] *}^-Qr ^ $1 

cf. zi^i-f, o]<4 w^^-o. ajj^ 7 |.^. A ]ov ^-^-(Adaptive White Gaussian 

Noise : AWGN) ^ ^ ^ *fl^o} <8*8=-§-o_s ol*H ^-u>^ FFT €5.-f ^ 

*] -1-7}^ 73 0.5. oiuf. 

^^^<y ^Hfe 741^71(150)* **fl ^2^ £ 

O] ^A]^ jS*^ (j+l)«i^ ^l-oll Cfl*!: ^^l*} ^y +M # 

I*r*M 2] 
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l^n^ 3] 

G = ^ /+1 .* l -J^ / - +1 . ikl = 2x(/ltj +l -dtJ)(k l -k2)/To 

o)<% ^o. h o vaio. ^,4^ ^ *J FFT ^SL-f -g-^sl cg^dl ^# 

J^^l £§Kr ^°1 $1^. 

^ igj-tgo] o]=L 7]^^^ Sj-^ ^# ^O-S-^-El Sf- 
^ 7fl^ s}-^^ ^^># FFT €5=-f fl^l 71^-34 a«s. 

*g #3 *1H -g-*H ^ oiir OFDM ^ ^ ^ u o v ^# ^1^§> 

^-7]^ 7l#a] 4^1: «M5}7l JflSH, N7fl^ ^JL cfl o] E] aW^ G7fl o] ^ 

l^^AS o]i=Lo^ a]^-^- t^s. ji^ nsjofl OFDM ^ 9X°] 

Ai , OFDM ^Jl-I- ^ ^#5. ^^>fe oj-^^zL-rq^]^- 

-g- ^T^JI N 711 21 cllolEl Afl^-g. #^§V^ FFT A cM FFT #51 

-f ^J^-sfEl Jl^r ^sHl FFT ^"71 FFT nr 
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# OFDM >y °l# $l# sg^-^ tf-g: *]|#SH f zl sg-g- 

3.^3 ^^^ofl^^ #7] FFT #£.-f7}<q #5,0. 

3*1* FFT #51-?- ^r^i #7] FFT «S.-f *fl°l W 

#7l SKMl^ 1 ^ ^^St^ ^ i^^l ^*fl #71 <4^^-^m ^ 
Afl^^ ^-g- aflolsHr ^-71 Jfi* ^#-§r JL#Sj-fe -^-£.5. 

S}-^ FFT #5i-f ^^1 #3 ^1°17> <£-^£]^ OFDM ^ #*M^-. 

#7] 2] cJ-E- 7l#^ *M*>7l OFDM ^ #*HH N7fl^ >&3 

S t-fl°13 Afl^ G7H^ JUl^AS ol=^^1 ^-g-,g- i^sL FFT 

^*^r ^&-8: ^^-Tj-*] OFDM ^ 

a.71^1 FFT -a^-f -2.-^7} ^^fl^r 3 -foil ^-^e>^ fl#*HI sfl^Kr 
ftiS H-Y 0 ! ^SWr ^r£3l; #7l ^1^711 2] ^fl-S^-g: *t-§r^SM #71 
FFT 3l:£-f $1*1* ^H<^ ^12^7^1; #7l ^2^^ »1H W ^fl- 

S*##3 *H] ^*fl alMsHr ^13^:^1- 3^S>^r OFDM ^r-tl #*1^ 

FFT #51-f $1*1 4^4 A ^#^ 

o|s|- S^-g- ^vrt o] u>^-^j^ ^^S>7l^. 

£ 2^ OFDM ^ #*1 ^ ^-g- i.o]^ ^^-_£o]cf . £ 2^ 
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#*l*r ADC7K210), FFT 71(212) , FFT7R214), ^#71(216), 3# *fl 

#71(240), ^-Sr^ *fl #71(224), H^7l(226), FFT^£-f *fl<>l 71(228), PLL7l(230) 
ol^xl^, #7l ^# 31 #71(240) $1#*V 711 #71(218), ^5- 711 #71(220), 
3fl-3*7l(222)3. °lf-<H^. 

£ 3£r OFDM ^-l^M FFT -S-^(td)4 ^1-^ #3 -g-^(At)^- £^1 

# ^M^f. 

£. 2o\] v\Q .£©1 ^r#^ OFDM #Jl^ ADC71 (210)1- ^1*1 1 

^(Digital Complex Sample)^- ^ FFT 7l (212H1 ^-S^f. 

FFT ^S.-f7l(212)fe <Q2\$. = ^fl ^ ^*fl-sj-ir aflTl^ 

^ ^1-^ *J FFT71 (214)oll FFT7l(214)fe 0 *m& N7fl£l ^ 

:n^r ^51 oil ^«r* *M8^. 

^#71(216)^ FFT71 (214)°ll-*1 FFT #^°1H ^*-S: * 

^# 4=£&-g: 5}-^^-(Pilot)^r OFDM ^^o^ ^#?> 

-^7l# ^#^17> ##§>fe ^1 ^-8-^1^ ^ -f-^^l^. 

OFDM Al^Bflo^ ^a]^]^ FFT #^<M ^ o a^-# f-sM ^#-8: 

3l# 7|l#7l(240)fe 4^ sH^lr-i: <<r#€ ^r# J f- 

7llsl &#sl 31 # ^« *fl#3r OFDM >9 ^lt ^# 31 
#3^ q-g-o.^. ^&-g- 1^# 3.7121 FFT &?%*k 

±r ^# *H1 Sfl^Rr 71 ^^S. M-^fo] ^fl-sj-^rf. ^, <H#*> ^#7l(218)fe 



■g^7](5L*l ^^4. jfl^v ^#o] 7 J" 

t}. 3°lH ^ 7fl^ OFDM -a-ir^H -§-71 £.-!!- Si FFT -g-^l 

(Td)4 <g#*8 #3 ^(At)i y «i OFDM tflfb 



^#7l(216)ofl^ t^I OFDM ^-^H k«l ^f-aH 

r^l€ ^r*} ^54 7 ^4. 

I^rSM 5] 



^ OFDM ^-|r<HH k ^ ^^H^* -f-S}-^ ^-tl^l 
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0]§)-^ ll-^Sj-^ ^ ^SfTT ^ ^6^- £4. 



^s. iHIt!- 3K V uj-Efi^ji, ^ ofdm ^^2] % ^#ofl cfls]- 

<*J Ztt, ^71^ Afl^^ Ej.o]ig o]^ ^$3. oj^ ^ ol# 

-H, ^ 4> Q [radian] 3.7]^ ^71^}-^ RF *V#nR}-£| ^]^- -g-^Jl o.^ 

o]S>c^ ^ ^d1§>ji ; vjl^ tg-o. ^ [Hz] 37lS) # f ^Xl7l^-Sl 

7] 

( <?>j,k 2 -<fij,k l )3HItt -g-^S] ^J^-g-g- o a V ^ ol cf. 

°lrr ^K V *M 2J:# Tll-^SrTr cfl ^ -g-^lJZf ifltf ^-g. w>*J ^ 

SU4. 
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S. 4fe ^r^Hr frequency offset), -g- 4! (phase offset), FFT QS. 

-f -S--iJ!(FFT window offset), #3 ^(sampling clock offset)^ ^jafl*!; 

^-f -f-HL^Sr ^(carrier index )°fl t^rTr S-*] & 5J°14. 

S. 4^ OFDM ^(frequency offset), -g-^Kphase 

offset )4 FFT -a-^(FFT window offset) A t^^-AA °1 

# ^^l^-i- 1^^, ^s]^ 20FDM ^^°] *}^- *d OFDM ^!: 0 1 

fl-S" ^llMl ^^Hr ^(frequency offset)^- ^-f-^ €"3 ^(sampling 
clock offset) «1| 3R V ^7 r S. ^^Ml ^-§- Ji^^r. A 

^ *r°l» °l-§-§}^ FFT -g-^3f «^ ^-Sr J^^tf. 

^ (220) ^)83f ^o] OFDM $l#*r ^#7l(240)S. 

-t"&1 -^^r^ ^-g: 7]]A>*Vcf . ^a>^o.5. OFDM ^^M^r 

^13^ ^ 5^. ^ +\8°\] L £r A>-8-€ 7fl^» ^n]*V 

[*r*M 8] 

- = JL £ ^ 
7 L «=i £„ +1 — 
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>H FFT #514- -g-^H 1 ^#ol ^fl^- ^ o.ofl ¥ 4- 0 ^7_H) ^^jsl-fe ^>o] 

^^1 -S-^ol 1 *»^<U nfl 3.71 o] 5- M-erHi^ 

l^#s] FFT ^S-f 31*1 -g-^!^ <%i&c% cfl§M -S-«-8- ^ ^ Slcf. 

I^r^ 1 91 

1 

- = 2k 1 ^ ^ _ T d +At; 

N L tki k n+1 -k n ~ T s 

^-^1 ^3]^ 7](240)£: FFT #5.-f Jfl*l ^> 
# "T" -¥-^^ *M , ^ -^^tf *}°l, N-8: o)+£ 

^■^■^■71(222)011^ ^fl-s}-^ Jfltf ^ol^o. Al~g-s}i2 ai 

104 ^r°l ^^-^4. 

S. 5fe ^ofl afef aV-g.^ 7^1^71(224)^ *]Zt ^7} ^Sj 

» M-Efi4]fe 7fl^^l4. S- 5<>fl £.a1^ ti>5f £o] ^Aj- ^^.oj 71^71^ FFT #51 
-f -a-^CFFT window offset)^ <g^if a«^^ ^(sampling clock offset )3 

^% to l ^j)^ 4^4. ^, FFT #51-f -S-^ol 1^#13 ^ 4- Aj^] opj- 

13 



7]^7lfe FFT -S-^l ^ <3<*(FFT windw offset decision area)MHH 1 $ 

FFT SlJE-f #^ofl cflt!: SR V £3*3 ^l-i:?!!- o.^ nfl Aj-g- nj-cj- ^g}.*v 
Cf. ct|7H ti_V^-^ ^<lV71(224)» °l-g-SH ^1^-xl-l- rt^* 

[*r«M io] 

r} = A r}]+{ r}-K r}]} (^^) + (^^-) 

<^7H ,( . )i=. «Kg-eJ ^r°l^, i^^r ±0.5 ^lvflSl #-g- 5^tf. 

FFT 7] (212)^ FFT ^# ^oIe^ ^ ^Efl^. ^ 

°1^i=K ADC7l(H0)sl Afl^.^ ^-e^ £ 3<>fl £^1€ ^r°l -0.5 ~ +0.5°l^£l 

SL*}3, ^H^. St-i-^ 7^1^71(224)^ ^fl-sM (222)°1H 3H V 

11] 

ppjo^o. ^1^71(228)^ «!:-§- «g ^l^V7l (224HH #^3^ 
^ FFT ^51^71 (120)3 FFT 31*1 ^ -2.^-* 3 

■i^7l(226)^ ^fl-S^-71 (222)^1 ^ ^ ^EflOj Hj-g-BJ TflAl-71 

(224HH°1 3^ ^3 #^^7_Voi ^» ^ ^124 M-Bl-'i 

[*r«M 12] 
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PLL7l(230)fe ^71(226)^1 #s^fe 4^SM: «8 3sH ADC71 (210)3 ^ 

S. 6a a" ^ °fl FFT ^;N1 ir^ ^aj.^ 71(240)3 

IE.*]*!- ^Jolcf. £ 6a ^ FFT #5.-?- -5 ah^)^ +5^^.^^ ^ 7 |_^ 

nfl ^^S|-7l(222)oll^ #*N3^r ^f- #3 ^o]^o)4. 

£- 6b^ FFT EL7)o)} cfl§>^ FFT ^Sl-f ^H7l 

(228)3 °m-Qr ^o)cf. s. 6b^r 6a3 ^o] *]-^ ^ a> 7 ] ( 2 24)# -f-Jif 

«M #^-3 S°H, FFT ^£4- ^-^Hl nflS}^ ^^Ml FFT ^JE-f _SL-ff-» ^ 

6c ^ -g^^H FFT -SS-f -g-^]3 3.7}o\] cflsl-o^ Afl^^ ^o]^. 
^H^Rr PLL7l(230)^ ^-g: ^o]t}. ^ 6c ^^71(226)^]^ «V 

■irU 31^71(224)3 <^M- #5|^7i3 ^}ol^- ufEf^ 3} 0.5. FFT #3E-f 
-5 ^j#ofl^ +5^^^^!^ ^ 7}^ nfl FFT &5L^- -g-353 H>^ ^ 3 

^*HH] ^3*1 ^3 ^H^o^ n^T^ 

^1 3^ 7f^^g- ##o]4. 

[^3 jL32f] 

4 Vc >l ^<=>\) 3§)- 1 £, FFT ^1^-?- 3^1 4^ 71^4 
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^e]oj) ^sf^ OFDM ^] ^lofl $a°H, 

OFDM ^iJll- 3*1^ ^sf-^ °}^g_n.-r) % ^Cf; 

FFT ^Ai^-f ^*1~8: Jl# ^sHl FFT 

^ 71)^1 fcV^I ^* 741^>S->J1, OFDM ^l"^ o]^- ^ ^ st-ar 

^^-741^^^^ #^5)^ ^-g:^ ^T^^l^ 

-#7) FFT JE-^M °] ^ £ o. o^^s. ^ ^ F FT ^r#; 

#7] FFT #51-f «}-g-e] ^ ^1-71 SRMm^Sl 

^ ^ £]3fl #7] o].^-5.ZL-^^ll- ^cj-o] Afl^ ^-g- o] §}- 
^ ^ A o V *7l ^#-g- S.^}kr 5Jir ^g^S Sf^ FFT $l3E.-f ^^1 ^-^4 
#3 z])o] 7 } OFDM ^ ^1. 
2] 
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#7] £ #^-oil ^ 3^ s§5-g- OFDM ^-g: -g-^V ?])>4<s}-b ^ 
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7] 

*flrM &°H, ^71 FFT ^iiE-f ^ ^uj^ ^^-^-^oil aV^-^sH 

3*M- ^#-8: i^-SRr 3* §>^r FFT 3- 

€4 €-3 ^1^7> <£-§^tt OFDM ^ ^1 . 

IQtt 8] 

*U*<M1 9X°]*\, #7] ^ ^ #7) wV#^ ^4 ^-7] 3^3. 

##3 *H] ^ Sfl i^l- ^ ^-g- S^-te- ^-g- h^io^ FFT 

31*1 ^4 #3 aflo^]- <£^£]fe OFDM ^ 

I^^J- 9] 

OFDM ^ #*HH N7fl^ ^Jl oj G7fls} J^^tJ-.^^ o]^o|^l 
^1-8: FFT 3*1 4€4 #3 XH-I- en] ^ 

°fl 5U°H, 
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#71 ^SJ-ar-gr #7] FFT 3*11- ^Hs^ ^ 

2^31; 

#71 ^^HH ^|#€ ^^SJ-^^I *H1 ^l«fl #3 

*fl<H3}-fe ^13^^11- itsfb OFDM ^r-tl #*1^1 FFT 3*1 ^nj- 

#3 <£-^ . 
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